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Dear  Dr.  McMullen, 

This  is  our  semiannual  report  of  activity  on  Grant  N000 1 4-9 1-J- 1333  during  the  period  is  1 
Jan  92  through  30  Jun  92. 


The  personnel  working  on  project  N00014-91-J-1333  during  the  reporting  period  were  E.R. 
Lewis  (PI),  B.H.  Bonham  (doctoral  student,  research  assistant)  and  B.R.  Pamas  (doctoral  student, 
research  assistant).  During  this  period  our  efforts  have  focused  on  sections  III  and  IV.B  of  the 
original  proposal,  auditory  model  system  considerations  and  activity-driven  self-organization, 
respectively.  Mr.  Pamas  has  been  continuing  development  of  the  model  to  be  used  for  spike 
initiation  and  integration  of  this  model  into  structures  which  present  images  of  auditory  space. 
Mr.  Bonham  has  extended  his  self-organization  work  to  the  cochlear  nucleus,  the  last  purely 
monaural  brainstem  processing  center. 
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Software  development  over  the  past  six  months  included  the  following  steps;  (1)  Further 
refinement  and  evaluation  of  the  spike  initiator  model.  (2)  Improvement  of  the  graphical  display 
function  of  the  auditory  system  modeling  package.  (3)  Exploration  of  the  effects  of  neuronal 
modeling  parameters  on  the  images  generated  by  the  VUIth  nerve  (4)  Development  of  models 
for  the  MSO  and  evaluation  of  spike  synchrony  models  for  the  vestibular  system.  (5)  Analysis 
of  a  model  for  activity-driven  self-development  of  the  cochlear  nucleus.  (6)  Development  of 
improved  cochlear  filter  banks,  some  based  on  data  from  gerbil  REVCOR  experiments. 


In  an  effort  to  capture  the  relevant  properties  of  biological  neuronal  processing  without 
incurring  a  large  time  penalty  in  simulation  the  spike  initiator  model  has  been  improved  to  reflect 
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the  behavior  seen  in  physiological  recordings  from  mammalian  preparations.  This  improvement 
does  not  result  in  any  additional  processing  rime  penalty.  A  portion  of  the  graphical  system 
enhancements  in  step  (2)  were  displayed  at  the  Progress  Report  meeting  in  April.  The  goal  of 
this  portion  of  the  work  has  been  to  present  the  user  with  a  data  representation  that  exploits  the 
ability  of  humans  to  process  and  interpret  data  presented  visually.  The  form  of  the  data  in  these 
displays  leads  to  concepts  for  processing  algorithms  at  the  next  level.  In  a  parallel  effort,  step 
(3)  involved  evaluation  of  the  effects  of  neuronal  modeling  parameters  on  the  form  of  the 
graphical  data  representation.  This  will  be  used  to  devise  displays  that  present  the  information 
in  the  most  useful  manner.  The  spike  initiators  have  been  used  to  explore  real  problems  such 
as  binaural  sound  localization  based  on  interaural  time  difference  and  the  detection  of  transient 
events  in  the  vestibular  system  by  examining  synchrony  of  spike  firing.  The  maps  generated 
from  the  MSO  comprise  a  set  of  images  of  frequency  vs.  interaural  time  delay,  a  new  image 
generated  at  each  timestep.  This  is  represented  as  a  family  of  graphs  at  selected  time  points 
during  the  simulation  displaying  time  shifts  within  different  frequency  bands. 


The  receptive  field  of  a  cochlear  nucleus  unit  can  be  described  in  terms  of  its  frequency 
tuning  curve  (FTC),  or  frequency  response  at  different  stimulus  amplitudes.  Cochlear  nucleus  cell 
FTCs  have  been  categorized  into  four  classes  [1]  (Fig.  1),  and  with  appropriate  choice  of 
parameters,  our  developmental  model  was  able  to  recreate  all  of  these  response  types  for  model 
cochlear  nucleus  cells,  step  (5).  Task  (6),  development  of  improved  filter  functions  for  the 
cochlear  module  is  ongoing.  We  have  developed  a  module  based  on  the  REVCOR  responses  of 
gerbil  auditory  filters.  In  addition,  Mr.  Bonham  has  developed  a  modeled  filter  bank  with  steep 
high-frequency  cutoff  and  gradual  low-frequency  rolloff  which  does  not  suffer  from 
unrealistically  long  delays  from  one  end  of  the  cochlea  to  the  other. 


During  the  coming  period,  we  plan  to  improve  the  module  for  the  MSO,  develop  a  model 
for  the  LSO  and  to  further  improve  and  examine  our  spectrographic  maps  (i.e.,  those  from  the 
various  modules)  in  groups,  in  order  to  gain  intuition  about  how  they  might  be  integrated  to  yield 
sound  source  segregation.  Ongoing  work  includes  this  analysis  of  the  origin  of  developed 
properties,  and  application  of  the  development  model  to  higher  auditory  brainstem  centers, 
including  specifically  the  superior  olivary  nuclei. 


Sincerely  yours. 


Edwin  R.  Lewis 
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